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684a Wednesday, February 19, 2014fibrillar deposits known as Lewy bodies and neurites are distinct signatures of
Parkinson’s disease. We demonstrate the hierarchical self-assembly of aS
fibrils into mesoscopic structures in vitro. The morphology of these structures
is well-defined and depends on the physicochemical conditions at which the ag-
gregates are formed. The observed phenomenon seems to be governed by the
interplay between long ranged repulsion and short ranged attraction. Once
the multiple negative charges on the fibrils are sufficiently screened at high
enough salt concentration or neutrilized at appropriate pH level the electrostatic
repulsion is minmized allowing the short range attraction (hydrophobic) to take
over and drive the fibrils into supra-fibrillar assemblies. Our findings suggest
that the balance between those two types
of interaction is not only crucial for the
initiation of the self-assembly process but
it also controls the morphology and finite
size of the supra-fibrillar aggregates giving
rise to a rich phase behavior.3464-Pos Board B192
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Mitochondrial anti-viral signaling (MAVS) protein is a critical adaptor
required for innate immune responses against RNA viruses. In virus-
infected cells MAVS forms prion-like aggregates to activate antiviral
signaling cascades, but the structural mechanism underlying such aggregation
is unknown. Here we report cryo-electron microscopic structures of the helical
filaments formed by both the N- terminal caspase activation and recruitment
domain of MAVS and a truncated MAVS lacking its C-terminal transmem-
brane domain. Both structures display a left-handed three-stranded helical fila-
ment, revealing specific interfaces between individual subunits that are
dictated by electrostatic interactions between neighboring strands and
conserved hydrophobic interactions within each strand. Point mutations at
multiple locations of these two interfaces impaired filament formation and
antiviral signaling. Super-resolution imaging of virus-infected cells revealed
the spatial features of rod-shaped MAVS clusters on mitochondria. These re-
sults elucidate the structural mechanism of MAVS polymerization, and
explain how an a-helical domain uses distinct chemical interactions to form
self-perpetuating filaments.
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Nearly all proteins and peptides have the ability to self-assemble into amyloids
when they are denatured. These highly ordered nanofibrils exhibit superior me-
chanical properties, which are relatively insensitive to their protein amino acid
sequence. This makes them attractive candidates for applications in materials
science and food industry. However, their remarkable stability constitutes a
problem in the context of amyloid-related diseases, where amyloids accumulate
in tissues. Despite the wide interest in amyloids, the understanding and descrip-
tion of their mechanical properties is still limited. Our goal was to investigate
both the micromechanics of individual fibrils and the emergent mechanics of
networks on the mesoscopic scale.
We will show macroscopic rheology and laser tweezer microrheology of the
viscoelastic properties of amyloids formed from hen egg white lysozyme
(HEWL). The macroscopic rheology of the networks will depend both on the
stiffness of the fibrils and the energetics of their interactions. Therefore we
show for the first time for the same system also measurements of the high
bending rigidity based on fluorescence microscopy of single, fluctuating fibrils
in solution. The high persistence length was further confirmed using atomic
force microscopy (AFM) imaging. With laser tweezer microrheology we
show the local properties of fibrils in networks. By using rheology in combina-
tion with small-angle neutron scattering (rheo-SANS), we show that the shear-
thinning response results from fibril alignment. In conclusion, our results give acomprehensive description of the mechanical properties of single amyloid
fibrils as well as networks of fibrils.
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Amyloids are proteins forming aberrant intramolecular contact sites character-
istic of fibrils instead of functional structure. Recent studies show that only
short segments of aminoacids can be responsible for amyloidogenic properties.
Here we propose an original machine learning method for classification of bio-
logical sequences based on discovering a segment with a discriminative pattern
of correlations between sequence elements. The pattern is based on location of
correlated pairs of elements in the window. The algorithm first recognizes the
most relevant training segment in each positive training instance. Then the clas-
sification is based on maximal differences between correlation matrix of the
relevant segments in positive training sequences and the matrix from negative
training segments. The method was applied for recognition of amyloidogenic
fragments in aminoacid sequences. It was trained on available datasets of hex-
apeptides with the amyloidogenic classification, using 5 or 6-residue sliding
windows. Depending on the choice of training and testing datasets, area under
curve of receiver operating characteristic (AUC ROC) of the method obtained
the value up to 0.80 for experimental, and 0.95 for computationally generated
(3D profile) datasets. The method reveals the characteristic correlation pattern
of the data. Moreover, the method finds the segments with the strongest classi-
fication pattern, also in long training sequences. The method, applied to the
problem of recognition of amyloidogenic segments, showed a good potential
for various classification bioinformatical problems.
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Prion protein (PrP) plays a big role in a number of lethal neurological diseases,
known as transmissible spongiform encephalopaties. These disorders are asso-
ciated with aggregation of normal cellular prion protein (PrPC) into pathogenic
beta-sheet-rich prion isoform (PrPSc). Although majority of suspected cases of
human prion diseases are sporadic, prions are mostly known because of their
infectivity. Infectious nature of prion diseases is based on the ability of PrPSc
to self-replicate by converting PrPC into same pathogenic isoform. One of
possible mechanisms of pathogenic prion structure replication is elongation of
amyloid-like fibrils. Deeper insight into mechanism of mammalian prion fibril
elongation may be important for better understanding of proteinaceous infecti-
vity.Here we studied elongation of murine prion protein fibrils. Due to quiescent
conditions, we can avoid most of nucleation processes (such as primary nucle-
ation and fragmentation of fibrils), means the observed rate of fibrillation should
be very similar to the rate of elongation. As observed rates at different temper-
atures give a good enough correlation when plotted in Arrhenius coordinates it is
possible to estimate activation energies of fibril elongation under different con-
ditions. We did experiments at a range of guanidinium hydrochloride (GuHCl)
concentrations and were able to determine two different activation energies
representing fibril elongation using folded PrP and unfolded PrP.
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The amyloid hypothesis causatively relates the extracellular fibrillar deposits of
amyloid beta peptide (Abeta) to the Alzheimer’s disease (AD). More recent
data, however, identify the intracellular oligomers as the major cytotoxic en-
tities. Pyroglutamylated Abeta (pE-Abeta) is present in AD brains and exerts
augmented neurotoxicity by an unknown
mechanism. The hypertoxicity of pE-
Abeta is believed to result from its higher
beta-sheet propensity and faster conver-
sion into fibrils. While this concept is
based on a set of experimental results,
others have reported similar beta-sheet
contents in unmodified and pE-Abeta,
and even slower aggregation of pE-Abeta
as compared to unmodified Abeta, leaving
Wednesday, February 19, 2014 685athe issue unresolved. Here, we show by a variety of biophysical approaches,
including isotope-edited FTIR spectroscopy, that pE-Abeta not only has a
higher alpha-helix and lower beta-sheet propensity itself but also reverses
beta-sheet formation and hence fibrillogenesis of the unmodified Abeta peptide
via a prion-like mechanism.These data provide a structural mechanism for
pE-Abeta hypertoxicity; pE-Abeta undergoes faster nucleation due to its
increased hydrophobicity, thus promoting formation of hypertoxic oligomers
of partial alpha-helical structure.
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We develop an experimental technique that allows precise measurement of the
longitudinal component of the elastic modulus of single fibril in conditions
close to in vivo. Using freshly extracted fibrils, avoiding a drying-soaking cycle
and keeping deformations below 0.5%, we use a combination of optical twee-
zers and AFM techniques, and exploit Euler-Bernoulli elasticity theory for data
analysis. We found that elastic modulus of rat tail collagen type I cannot be rep-
resented by a single quantity but rather is a distribution, significantly broader
than the uncertainty of our experimental technique. Additionally, we used
AFM to find variations in the fibril diameter. Since bending forces depend on
the diameter to the fourth power, this variation is important for estimating
the modulus. However, there still exist sources of variation that are not yet ac-
counted for.
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The assembly of individual polypeptide chains into protein complexes with
diverse quaternary structures is fundamental to nearly all biological processes.
Recent work has demonstrated the importance of the assembly process by
showing that most complexes assemble via ordered pathways that have a strong
tendency to be evolutionarily conserved (1,2). By considering protein com-
plexes in terms of algorithmic self-assembling building blocks, we show that
we can organise the vast majority of quaternary structure topologies into a sim-
ple ‘‘Periodic Table of Protein Complexes’’ that delineates possible quaternary
structure space. Through analysis of the possible evolutionary transitions be-
tween quaternary structures, we can explain the relative frequencies of
observed topologies and predict those which are likely to be observed in the
future. Finally, we find that different evolutionary lineages have explored qua-
ternary structure space in strikingly different ways. In particular, eukaryotes
have exploited the increased flexibility of their proteomes to facilitate the
assembly of complexes with more unique subunits. On the other hand,
prokaryotes, with their smaller genomes, have practised coding economy by:
1) evolving protein complexes with more homomeric repeats and 2) utilising
uneven subunit stoichiometries to facilitate the assembly of more diverse topol-
ogies with fewer unique components.
1. Levy ED, Erba EB, Robinson CV, Teichmann SA (2008) Assembly reflects
evolution of protein complexes. Nature 453:1262-1265.
2. Marsh JA et al. (2013) Protein complexes are under evolutionary selection to
assemble via ordered pathways. Cell 153:461-470.
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Bacterial chemotaxis is the process whereby cells modulate their flagella-
driven motility in response to environmental cues. This widespread behavior
relies upon a complex sensory apparatus composed of transmembrane recep-
tors, histidine kinases and coupling proteins to achieve great sensitivity, gain
and dynamic range in signal processing. We have applied pulsed-dipolar
ESR spectroscopy (PDS) combined with site-directed spin labeling to probe
the structures and mechanisms of proteins that compose these regulatory cir-
cuits. Inherent symmetries within the protein complexes require interpretation
of signals from systems that contain more than two spins. Tikhonov regulariza-
tion and maximum entropy refinement when combined with model simulation
reproduce accurate inter-spin distance distributions from such multiply labeled
species. Disulfide crosslinking and disruptive mutagenesis verify component
interfaces predicted by PDS. Weak but specific interactions that produce lowpopulation aggregates relevant to complex assembly are detected by an
approach that relies on magnetic dilution and baseline analysis of dipolar
spectra. The resulting PDS-based models capture key architectural features
of the receptor kinase arrays and the flagellar motor. Moreover, distance distri-
butions derived from the multi- spin sites reveal changes in conformation and
dynamics that accompany kinase activation and motor switching. Application
to the chemotaxis system demonstrates how PDS effectively reports on key
structural features of transient protein complexes and in doing so fills the res-
olution gap between other well-established biophysical techniques such as elec-
tron microscopy and x-ray crystallography.
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Many peptides form aggregates and some develop fibrillar morphologies.
Vibrational spectroscopic methods have been used to establish b-sheet struc-
tures underlying many of these and isotope labeling has been used to indicate
parallel vs. antiparallel forms. We have developed a DFT-based calculational
model of b-sheet vibrational spectra based on Ala-oligopeptides, that initially
focused on IR, VCD, and Raman spectra for isolated ideal sheet structures,
and have since explored its variation with structure, alignment of strands,
isotope labeling, twisting of single sheets and stacking and relative rotation
of multiple sheets. We have computationally simulated spectra reported in
the literature for several peptides forming fibrillar structures based on our static
stacked b-sheet models. With isotopic labeling we can identify the nature of the
sheet formed, parallel or antiparallel, and in many cases can determine the reg-
istry between sheets. In particular, for model peptides we have prepared, our
analyses of the spectra of Glu10 based peptides that form both regular, b1,
and bifurcated H-bond , b2 sheets are analyzed in this way to show both are
antiparallel in nature but the b2 is out of register by one residue, most likely
in a step-wise pattern, while the b1 structure is different, but less well orga-
nized. We have extended these calculations by computing IR and VCD for
structures obtained as snapshots along MD trajectories that show contributions
of sidechains and other modes in qualitative agreement with experiment.
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The aggregation of amyloid proteins into fibrils is associated with many neuro-
degenerative diseases such as Alzheimer’s and Type II Diabetes. Extensive
research has been spent in exploring differentmethods to impede and inhibit am-
yloid aggregation. Most attempts in the literature describe methods that involve
applying stress to the environment around amyloids. Varying pH levels, modi-
fying temperature, applying pressure through protein crowding and ligand dock-
ing are classical examples of these methods. However, environmental stress
usually affects molecular pathways and protein functions in the cell and is chal-
lenging to construct in vivo. In this paper, we explore a new method to destabi-
lize amyloid proteins through mutating their amino acid sequences without
stressing their environment. We’ve developed FibrilMutant, a software aimed
at exploring sequence mutations that destabilize amyloid fibrils. It analyzes
key regions of amyloid proteins and studies the effect of amino acid point mu-
tations on fibril nucleation and aggregation. The tool identified six main regions
in amyloid proteins that contribute to structural stability and generated amino
acid mutations to destabilize those regions. Full length fibrils were then built
from the mutated amyloid monomers and a dipolar solvent model capturing
the effect of dipole-dipole interactions between water and very large molecular
systems to assess their aqueous stability was used to generate energy plots. Our
results validate experimental mutation data for destabilizing Amylin fibrils and
reveal novel point mutations that further weaken amylin amyloid nucleation and
aggregation without disrupting the native structure.
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Hub proteins have a large number of interacting partners and are of special
importance in organizing protein-protein networks. LC8, a 10 kDa dimeric
